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SUmRY 


Tlie  preparation  of  sponge  propellants  by  inclusion  of  a  chenical  blowing 
agent  in  a  nitrocellulose-solvent  system  was  investigated.  Using  fibrous 
nitrgcellulose  very  poor  grains  v/ere  obtained  due  to  the  difficulty  in  reinoving 
the  solvent.  The  use  of  nitrocellulose  in  the  form  of  ball  powder  permitted 
the  inclusion  of  all  the  ingredients  with  suitable  (non-explosive)  plasticizer 
in  a  mold  and  thorough  dispersion  of  the  blov/ing  agent  in  the  mix.  The  grains 
wore  then  formed  by  siimiltaneoi  sly  foaming  and  curing  at  120°C. 

Altl.ough  a  certain  degre^i  of  porosity  was  obtained  the  finished  grains 
were  unsatisfactory  due  to  the  presence  of  large  voids  within  the  matrix. 
Limited  closed  bomb  data  indicated  that  y)orosity  had  no  apparent  effect  on 
the  burning  rate.  The  thermal  stability  obtained  by  the  134o5°C  Heat  Test  was 
unsatisfactory.  This  has  been  attribu.ted  to  the  high  temperature  to  which  the 
grains  v;ere  subjected  during  the  foaming  .and  curing  process. 


,  COhCLUSICHS 


The  prepare ' ion  of  nitrocellulose-base  sponge  propellants  by  the  use  of 
blov/ing  agents  is  not  '  remising.  It  appears  to  be  difficult  to  obtain  sponge 
grains  having  a  xvniform  jjorc  structure.  In  addition  extensive  v/ork  wcu.ld  have 
to  be  done  to  evaluate  blov.ing  agmts  wlJ.ch  are  compatible  with  nitrocellulose 
and  v/lilch  have  blov/ing  action  at  a  relatively  lov/  temperatvu’e,  . 


RECOlJfllDATIGKS 


It  is  recommended  that  wcrl;  on  the  preparation  of  nitrocellulose-base 
sponge  propellant  grains  by'^he  use  of  blowing  agaits  be  terminated. 

£  4 
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INTRODICTION 


Under  Contract  DAI-33-019-0RD“(P)-23  the  Defense  Research  Division  of 
the  Firestone  Tire  and  Rubber  Company  investigated  various  methods  for  the 
preparation  of  a  nitrocellulose-base  sponge  propellant.  As  the  name  indi¬ 
cates  this  type  of  propellant  deals  vith  a  composition  that  has  been  given 
a  cellular  structure  similar  to  sponge  rubber.  The  obvious  objective  in 
using  sponge  propellant  for  fast  burning  is  the  utilization  of  the  large 
exposed  surface  area.  For  the  adjustment  of  this  surface  area,  control  of 
the  size  and  type  of  cell  is  required. 

The  objectives  of  this  project  were: 

«  9 

(a) .  The  development  of  a  sponge  propellant  vdth  uniformity  of 

pore  structure  and  composition,  a  density  above  0,70  g,/cc,,  and  reproduci¬ 
bility  of  burning  characteristics,  ^  ^  , 

a 

(b) .  The  development  of  means  of  varying  and  controlling  the 
"apparent  burning"  rate  of  the  sponge  propellant. 

Various  methods  for  producing  a  sponge  structure  in  cellulose  nitrate 
were  evaluated  as  follows  (Ref  l): 

.  ’(l)o  Incorporating  a  water  soluble  material  in  a  nitrocellulose- 

solyent  system  and  extracting  the  water  soluble  material  and  solvent  by 
means  of  a  leaching  bath, 

« 

(2) ,  Dissolving  a  ^as  or  low  boiling  liquid  in  a  nitrocellulose- 

55  VQ PTn  *  cm  Vnr  nf  +V«o  rwttaie*  <-• 

-  V  -  - - - O  •'*/ - WW 

liquid ,  * 

& 

(3) »  Entrapping  air  in  a  nitrocellvilose-solvent  system  by  means 
of  a  rapid  nixing  such  as  used  in  some  commercial  foaming  techniques,  , 

(4) *  Using  bifunctional  agents  such  as  tolylene  diisocyanate  to 
achieve  a  molecular  cross-linkage  of  a  gelled  nitrocellulose  matrix  while 
simultaneously  entrapping  a  gas, 

(5) *  The  inclusion  of  a  chemical  blowing  agent  in  a  nitroceU.u- 
lose-solvent  system  which  on  heating  decoii5>oses  with  the  evolution  of  a  gas 
to  produce  a  cellular  structure. 
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Techniques  for  foaming  nitrocellulose  are  J.iDiited  because  of  Kle  inherent 
properties  of  this  mauerial.  For  example,  nitrocellulose  is  not  thermoplastia 
and  the  decomposition  temperature  is  relatively  low.  Initial  surveys  of  t?ie 
above  methods  resulted  in  the  selection  of  a  salt-solvent  system  as  the  most 
promising  method  of  producing  the  desired  product, 

A  procedure  was  developed  by  Firestone  for  preparing  sponge  grains  by 
the  "nitrocellulose-salt-solvent”  system  ^Kethod  1)  using  sodium  chloride  as 
the  salt  and  acetone  as  the  solvent.  Ballistic  and  stability  evaluation  of 
the  sponge  grains  were  carried  out  by  Picatlnny  Arsenal.  The  results  obtain-* 
ed  ^ave  been  reported  elsewhere  and  need  not  be  repeated  here  (Ref  1,  2,  3)» 

The  grains  formed  by  Method  2,  3  and  4>  had  cells  or  voids  which  were 
irre^lar  and  difficult  to  control  and,  on  removing  th'e  solvent,  a  distorted 
(and  frequently  degraded)  grain  was  obtained.  The  development  of  a  sponge 
propellant  by  these  methods  did  not  appear  feasible  and  work  was  abandoned. 

The  incorporation  of  a  blov;ing  agent  in  a  nitrocellulose-solvent  system 
(Method  5)  shewed  some  merit.  A  blowing  technique  as  compared  to  salt*  ex¬ 
traction  would  be  faster.  '  It  would  permit  a  greater  range  of  product  density, 
and  it  v;ould  provide  a  choice  of  closed  cell  structure  or  open,  connected  cell 
structure.  This  technique  was  extensively  evaluated. and  forms  the  subject  of 
this  report. 


RESULTS  AM)  DISCUSSION 


vu.  ck  k/U  a.  U*:;^XJLUXcU’  t5  0X’UC0U4r6  WX  UXijLIl  SL 

nltrocelli;lose  grain  introduces  two  problems.-  The;  process  utilizes  the 
evolution  of  gas  by  some  material  on  heating  or  other  activation  method. 

Due  to  the  low  thermal  stability  of  nitrocellulosa  i^  is  essential  that  the  ^ 
activation  energy  of  the  blov/ing  agent  be  as  lovr  as  possible.  •  The  second 
problem  is  that  both  the  bloving  agent  and.  its  decomposition  products  must 
be  compatible  vdth  nitrocellulose  and  any  explosive  plasticizer  which  may 
be  used.  ’  ■ 

Most  commercial  bloving  agents  have  a  fairly  high  activation  energy, 
and  are,  therefore,  not  suited  for  Use  in  a  nitrocellulose  system.  However, 
two  compounds,  N,N'-dimethyl-N,K'-dinit.rosoterephthalamide  (BL-353)  and 
benzene  disulfohydrazide  (Porofor  13/CE)  were  found  which  shov/«d  strong 
blowing  action  at  95”100°C  in  about  twenty  minutes. 
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To  determine  the  effect  of  these  tvo  blowing  agents  on  Ihe  stability 
of  nitrocellulose,  compatibility  evaluation  was  carried  out  bj*  Picatinny 
Arsenal  using  samples  of  the«blowlng  agent  obtaineci  from  Firestone  (Ref  4% 
Nitrocellulose  films  were  prepared  (from  acetone  soiution)  containing  1$ 
blowing  agent,  with  and  without  stabilig;ei»,  and  evaluated  by  the  standard 
134<.5°C  Heat  Test.w  The  data  reported  in  Table  X  shows  that  the  products 
remaining  after  decomposition  of  the  BIr-35^  v/ere  compatible  with  nitrocellu¬ 
lose,  while  the  residue  from  For  of  or  13/CP  ha<i  a  tfiarked  degrading  effect  on 
the  nitrocellulose.  .  In  this  evaluation  it  was  assumed  that  the  temperature 
of  the  Heat  Test  (134.5°C)  was  high  enough  to  insiSre  coirplete  blov/ing  of  the 
compounds  under  Investlgaulon.  Subsequent  work  by  the  contractor  and  this 
Laboratory  showed  that  this  was  not  true,  and  that  the  blowing  action  in 
simple  films  was  quite  unpredictable,  •  • 

BL-353  fN,N'-dimethyl-N,N'-dinitrosoterephthalamide)  is  a  blovdng  agent 
that  decomposes  on  heating  to  give  gaseofls  prodffcts  consisting  of  99%  nitro- 
,  gen  plus  some  carbon  dioxide  (Ref  •  The  conpoxmd  is  considered  a  weal: 

ignition  explosive,  and  is  somewtiat  sensitive  to  impact  and  friction.  For 
use  *s  a  blowing  agent  it  is  coated  with  approximately  3C$  by  weight  of 
white  mineral  oil  which  adequately  desensitizes  it  with  minimal  lowering  of 
storage  stability  or  its  blo\/ing  performance*  In  the  course  of  the  blowing 
action'in  an  inert  medixm  the  deconposit.-i -n  takes  the  following  dourse; 

. 

*  4 

'  .  ■  0  0  ■  *00 

II  n  *  n  M 

ON-N-C-C^H^-C-N-NO  - — >  CH^0-C-C^H^-C-0CH3  +  2N2 

II*  * 

CH„  CH-.  ’  .  ' 

« 

The  solid  product  nenaining  after  blov/ing,  methyl  terephthalate,  would  not 
.be  expected  ’to  cause  instability  of  nitrocellulose  or  other  nitrate  esters, 

*  9 

The  natdre  of  the  products  formed  diuring  blowing  of  Porbfor  13/CP 
(benzene  dlsulfohydraeide )  are  T;nl;novm  to  the  writer^.  However,  on  the 
basis  of  its  structural  formiila,  C£)H4(S02NI'IH2)2»  bej.ieved  ^that  these 

decomposition  preduffts  v;ould  be  acidic  compounds  of  sulfur.  Such  compounds 
are  kno\ra  to  be  incompatible  i/ith  nitrate  esters.  Therefore,  no  further 
work  was  carried  out/.;ith  this  bloi.'ing  agent. 
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As  previoT^sly  sta^e^,  Hitrcael^lose  «1Si«5aes  llJMi  I't  1^® 

dliXici’ll*  to  coiilroi  the  tlouin;  aetion  ^AicH  was  qi^to  TSi;^s5lotg5>l&*  Jhes^ 
films  veve  prepared  by  dissolving  the  nitrooelli£Lose  jA  a  solvent^  poiirljig 
^he  vfscoTJs  solvtion  on  a  glass  plate,  and  evaporating  the  solvent  at  acibieijt 
temperatitre.  The  jresjlts  indicated  tJiat  the  blowing  actiojfctias  5*ds^  ^Stcitig 
drying  o£  the  golvent  fj'om  the  film.  An  attempt  was  then  made  to  t;se  3Sigl>  • 
homing  point  soivents  siScli  as  the  cellosolves  and  carbitcO-S,  A  pVcoedttre 
%as  devised  in  uhlcl  the  ingredients  were  thoroughly  coUoided  in  a  Baitey- 
JPerlcins  >tlxer,  atid  then  molded  in  a  polyethy^ne-lined  glass  cyiliader.  Aftej 
removing  the  sample  from  tjje  mold  it  was  placed  in  a  boiling  water  bath  to 
initiate  the  bloving  action.  This  technique  resulted  in  the  preparation  ©f 
a  porous  grain,  but  it  was  difficult  to  prevent  distortion  of  the  grain, 

• 

The  work  described  above  was  carried  out  using  either  fibrous  military 
grade  (12,6  $H)  or  lacquer  grade  (11*^',  $N)  nitrocellulose.  Attention  was  then 
directed  to  the  use  of  nitrocellulose  in  the  form  of  single-base  ball  powder*. 
It  was  proposed  that  this  form  of  nitrocellulose  might  be  foamed  by  a  metliod 
similar  to  that  Used  v;ith  comriorcial  plastics.  This  technique  would  permit 
the  inclusion  of  all  the  ingredients  with  suitable  plasticizers  ia  a  poly¬ 
ethylene-lined  mold  and  thorough  dispersion  of  the  blowing  agent  throughout 
the  fluid  mix.  Since  the  curing  stop  involves  heating  It  would  be  possible 
to  foaj!l  the  mixture  during  the  curing  phase.  The  simultaneous  gas  evolution 
and  ctoring  of  the  plastlsol  particles  woi-.ld  result  in  encapsulation  of  gas 
bells  providing  a  foamed  stn-.cture. 


Using  this  technique  the  Firestone  Company  prepared  a  number  of  gi'alns 
and  submitted  them  tc  Picatinny  Arsenal  for  closed  bomb  evaluation.,  measwe^ 
ment  of  pore  size  distribution,  and  stability  determination.  Although  these- 
foamed  samples  were  prepared  v;ith  inert  plasticizers  resulting  in  poor  thermo- 
ch^i^noaa.  ,  X  wei-v?  sxii xxexpu uyn  i^iiao  .JLii  xuL#ure  V/orjv  uhe  iiierTy  pxasti— 

cizer  would  be  replaced,  at  least  in  part,  by  high  energy  plasticlzeps  such 
as  i4troglycerin  to  perrft  their  adoption  as  propellants,  The  composition  of 
these  grains  is’ given  in  Table  II.  It  is  evidenl  from  a  consideration  of  tlie 
data  that  a  v;ide  variety  of  foam  densities  can  be  obtained  bj'-  judicious  se- 
lecticjn  of  plasticizer  system  and  concentration  of  blowing  agent. 


Closed  Bomb_Svaluation; 


As  explained  above  tjje  grains  were  prepared  with  inert  plasticizers. 
This  was  necessary  for  reasons  of  safety,  and  until  operating  procedures  and 
stability  parameters  could  be  evaluated.  Therefore,  these  grains  were  not 
expected  to  have  favorable  thermocher.ical  properties.  Ilov/ever,  closed  bomb 
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evalualidfili  Cav^lefi  ©irt  to  ^ielkerisine  fha  effect,  If  any,  of  grain  porosity 
ajad  Jiava-  data  for  conparieo*  t/itll  grains  prepared  vitli  e:cplo3ive  plasti- 
^zers. 

Table  ITI  gives  ^tata  for  the  closed  honb  evaluation  of  propellant  grains 
Jfo.  62  ani  63  iti  comparison  -with  standard  M-10  propellant.  In  view  of  the 
lilgh  percentage  c£  nnoxidized  carlbon  in  the  sponge  grains,  it  is  not  sur- 
_prlsing  that  the  relative  force  is  so  iow.  No  valid  data  is  available  for 
comparison,  but  it  appears  that  the  porosity  of  the  grains  had  no  marked  ef¬ 
fect  on  the  burning  rate. 


Pore  Size  Sistrlbiitlon; 

In  order  to  determine  the  pore  size  and  homogeneity  of  the  propellant 
samples . Grains  No.  64  and  65  were  cross  sectioned  into  increments  approxl- 
nately  I/8  inch  thick,  from  these  cross-secticned  slices  wafers,  0,55  inch  in 
dldmeter,  were  cut  with  a  cork  borer  and  examined  microscopically.  Photo¬ 
graphs  of  representative  samples  of  these  wafers  are  shown  in  Figure  1, 

The  microscopic  examination  revealed  a  grain  composed  of  a  combination 
of  open  and ^closed  pore  structure.  Though  irregular  the_  geometry  and  distri¬ 
bution  of  the  small  pores  were  similar  throughout  any  one  grain,  ■  However, 
both  grains  contained  a  number  of  widely  scattered  large  voids  up  to  approxi¬ 
mately  l/U  l/B  inch  in  size.  Similar  voids  were  observed  in  other  grains 
(Table  IV),  Whether  these  voids  were  formed  dxn’ing  the  blowing  process  or 
by  entrapped  air  during  casting  is  unkno\m.  It  is  possible  that  the  gas  pro¬ 
duced  during  the  blowing  action  migrated  into  pockets  forming  large  fissures 
rather  than  the  desirable  uniformly  encapsulated  gas  cells,  ■ 

Each  of  the  grains  examined  contained  a  considerable  amount  of  green 
Colored  impurity  having  a  melting  point  range  of  110-120°C,  (Item  4^  Fig  l), 
Tk-e  nature  of  this  impurity  is  unlrno^m.  Methyl  terephthalate,  the  solid 
product  formed  ty  the  thermal  decomposition  of  BL-353,  has  a-  melting  point 
of  140°C. 


0 

Thermal  Stability; 

The  thermal  stability  data  for  the  sponge  propellant  grains,  as  de¬ 
termined  by  the  standard  134.5°C  Heat  Test,  are  given  in  Table  V.  It  is 
interesting  to  note  that  the  data  falls  into  two  distinct  groups.  One  set 
of  grains  (No,  63—65)  showed  20  minutes  to  Salmon  Pink  and  about  130  minutes 
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to  Red  Fumes o  ^he  other  gralnS  s'ilowed  iilnutes  to  SaLmon  Pinlc  and  30  minutes 
to  Red  Fumes o  The  primary  difference  is  that  grains  No.  63-65  had  a  lov/er  per¬ 
centage  of  plasticizer  than  the  othey  grains.  The  nature  of  the  plasticizer, 
or  Ijie  concentration  of  the  blowing  agent^  appeared  to  have  no  effect  on  the 
stability. 

For  standard  eingle-Tsase  propellants  containing  1$  diphenylamlne  as 
stabilizer,  the  minimum  test  period  to  Salmon  Pink  at  134 •5°0  Is  40  minutes. 
Therefore,  on  the  basis  of  their  low  Salmon  Pinlc  valug  (20-25  minutes)  the 
sponge  propellant  grains  are  considered  unstable,  even  though  there  was  no 
e^losion'in  pOO  mimites.  The  lovf  stability  data  for  these  grains  was  sur¬ 
prising  since  prior  Vork  in  this  Laboratory  (Table  I)  had  shown  that  nitro¬ 
cellulose  films  containing  1^  BL-353,  t/itli  or  without  stabilizer,  were  stable, 
at  this  elevated  temperature.  The  grains  were  prepared  b^j-  Firestone  without 
the  addition  of  stabilizer  (Tahle  II),  however,  the  ball  powder  used  in  these 
grains  contained  2%  nitrodiphenylamine,  which  is  equivalent  to  1.5$  stabilizer 
in  the  finished  propellant  grain. 

To  resolve  the  discrepancy  in  the  stability  data  between  the  simple 
nitrocellulose  films  and  the  sponge  propellant  grains  a  few  experiments  were 
carried  out  to  evaltiate  ’the  etability  of  ball  powder  in  contact  with  the  blow¬ 
ing  agent  at  135°C.  The  results  are  listed  in -Table  VI. 

.  *  • 

Since  BL-353  is  classified  as  a  v;eak  initiator,  its  incompatibility  with 
ball  powder  in  the  dry  s.tate  Is  not  unexpected.  When  the  ingredients  are  dis¬ 
persed  in  acetoae  and -cast  into  a  film,  satisfactory  stability  is  obtained  at 
a  low  concentration  of  the  blowing  agent.  Substitution  of. a -high  boiling 
point  plasticizer,  for  acetone  makes  it  -possible  to ’increase  the  BL-353  con¬ 
centration  up  to  30$  vdthout  deleterio\:s  effect  on  the  Salmon  Pink  value.  The 
data  thus  indncst.fis  that  ball  powder  and  RL-353  urc  compatible  over  a  wide 
range  of  concentre Mons  provided  they  are  dispersed  in  a  suitable  laatrix.  It,  • 
therefore,  appears  that  the  low  Salmon  Fink  value  for  .the  sponge  propellant 
grains  is  Inherent  in  the  propellant  system  and  not  due  to  the  composition. 

The  sponge  propellant  grains  were  prepared  by  curing  at  either  100°C  for 
one-hOur  or  at  120°C  for  30  minutes.  They  were  then  subjected  to  the  elevated 
temperature  (134. of  the  heat  test.  It  is  prqbabla  that  the  initial  heat¬ 
ing  period,,  required  for  efficient  blov/ing  action,  caused  seme  degradation  of 
the  nitrocellulose._  The  standard  leaf  test  was,  therefore,  carried  out  on  a 
propellant  grain  in  which  the  nitrocellulose  was  partly  degraded.  Tnerefore, 
the  20-25  minutes  Salmon  Pinl?  value  is  not  realistic,  since  the  propelleint 
grains  were  subjeoted  to ■ much  more  strenuous  heating,  conditions  than  is  re¬ 
quired  by  heat  test  specifications.  Therefore,  due  to  the  necessity  of  curing 


A 


the  sponge  propellant  grains  at  an  elevated  temperature,  a  fcertain  degree  of 
instability  will  be  present  in  all  grains  jprepr.red  by  this  pfosedtlre. 

Although  plastisol  nitrocelliflose  propellant  grains  can  be  cured  ai* 
60'^C.,  a  temperature  of  at  least  100°C  Is  necessary’-  to  insure  <ie composition 
of  the  blowing  agent.  Therefore,  Wiless  a  blowing  agent  ^or  activator}  caa 
be  obtained  which  has  a  pronounced  blowing  action  at  low  temperatttresj  it 
does  not  appear  possible  to  obtain  '•stable'*  nitrocellulose  sponge  propellant 
grains  by  this  procedure.  The  few  known  blowing  agents  whii^  decompose  at 
low  temperatures  (Ref  10 )  do  so  with  the  liberation  of  amoaia  which  will 
cause  fast  decomposition  of  the  nitrocellulose* 


8 


EXPERII^OTAL  ynOCEDURE 


Preparation  of  Grains:  (Ref  7^ 

The  plasticizer  and  bloving  ageat  vere  thoroughly  jijtjced  JUi  %  beaJcey 
after  which  the  ball  powder  was  added  and  the  itigredi^ntfif  thoroaghl/  jnixed 
by  hand.  Depending  on  the  consistency,  th®  final  mix  v;as  olthei*  molded  oOT 
poured  into  a  polyethylene  lined  aluminum  tube  and  cured.  Grains  ITos»'103 
and  104  which  were  very  fluid  vere  cast  Into  a  glass  mold*  Grain  ITo,  S7 
was  kept  at  room  teaiperatere  for  one  hoia:  and  then  oured  ior  qna  hour  at 
lOO^C.  All  the  other  grains  w'ere  oured  at  1^0®C  for  ^0  mioutes. 


Testing  of  Grains:  .  -  . 

.The  grains  were  cut  longitudinally  and  transversely  for  visual  es^- 
amination  of  pore  sine  distribution.  Shavings  obtained  from  the  out  sur¬ 
faces  v;ere  si;bmitted  for  stability  and  clos^  bomb  determinatiou. 

The  134.. 5°C  Heat  Test  was  carried  out  iu  accordaace  vdth  •stiindo.rd 
.procedures  used  for  single-base,  propellants  (Ref  8)* 

The  closed  bomb  determination  (Ref  9)  was  carried  out  by  firing  tho 
standard  and  sponge  propellants  under  the  dai.ie  conditions,  Hie  turning 
tine  and  pressures ‘Wore  obtained  from  pfeseure-time  traces  tsaing  &  Baldwin 
‘strain  Gauge  as  the  pressure  transducer,  A  plczoeleotn.0  gauge  nas  tred 
for  obtaining  the  relative  force' and  relative  quickness  values,  JBoth  sets 
of  data  were  obtained  simultaneously. 
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TABLE  I 


COMPATlfelLIT?  CF  mTROCELLULOSE  WITH  BLOV.-ING  AGENTS 


Formulation  No. 

1 

2 

?  . 

4 

5 

6,_ 

Nitrocellulose  (13.15!2N),  % 

99.0 

99.0 

99.0 

99.0 

99.0 

99.0 

BL-353,  % 

1.0 

1.0 

1.0 

- 

- 

- 

For of or  13/CP,  % 

- 

- 

1.0 

1.0 

1.0 

Diphenylamine  (added) 

— 

1.0 

- 

1.0 

- 

Ethyl  Cen trail te  (added) 

— 

- 

1.0 

- 

mm 

1.0 

ISAoS'^C  Heat  Test,  min  to; 

Salmon  Pink 

45 

45 

45 

40 

Explosion 

3  oat 

300f 

300+ 

10 

'  65 

18 

Sample  exploded  before  methyl  violet  pafier  turned  Salmon  Pink, 
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(c)  Contains  3056  white  mineral  oil. 
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NOTE:  Sanples  62A  anci  62B  were  takei  from  different  .parts  of  the  same  grain 

•  Unoxidized  carbon:  Sponge  grains,  22.556 

MIO,  4.056 


TABLE  IV 


MICROSCOPIO  EXAMINATION  OF  SPONGS  T^ROPELIAMT  GRAmS 


Grain 

Number 

Top 

Center 

Bottom 

72 

Voids  1/16”  in 
diameter  and 
greater.  More 
porous  than 
center  or  bottom. 

Voids  1/16”  in 
diameter. 

Small  voids  l/32" 
in  diameter* 

85 

More  porous  than  ' 
bottpjn.  No  large 
voids* 

Voids  l/.B” 

1/16”  and 
smaller*’ 

Void  1/2"  X  1/2"  X 
1/4"  found  2/8” 
from  end  of  grain* 

B7 

•  Much  more  porous 
than  bottom* ■ 

One  larger  void, 
1/4"  X  1/8"  X 

3/8"* 

Hollow  cavity 
towards  the  center 
of  the  grain* 

103  . 

Numerous  voids 

1/16"  diameter 
and  larger* 

Voids  1/16”  and 
greater*  Very 
porous  * 

Voids  larger  than 
1/16"  present 
near  end  of  grain. 

104 

Voids  1/16”,  1/8” 
and  1/4"  diameter, 
depth  1/8"* 

Same  as  103 

Same  as  103 

NOTE;  The  terms  Top  ®nd  Bottom  refer  to  different  ends  of 
the  same  grain.  All  measurements  are  only  apprcdfci- 
mate,  A  green  colored  imparity  (m,p*  110^120°C) 
vas  present  in  varying  degree  ia  all  grains* 
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TABLE  V 


13A>5^C  HEAT  TEST  DATA  FOR  SPONGE  PROPELLANT  GRAINS 


Grain 

Minutes  to; 

Number 

Salmon  Pink 

Red  Fumes 

Explosion 

63 

20 

110 

3004* 

64 

20(20) 

130(135) 

30Ot(30CH-) 

65 

20(20) 

135(135) 

•tL 

300+(300f) 

72 

25 

30 

30Ot 

85 

25 

30  . 

30CH- 

87 

25 

30 

> 

300t 

103 

25 

30 

30CH- 

104 

25 

30 

30CH- 

NOTE:  With  Grains  No.  64  and  65  duplicate  tests  were  made 
with  samples  taken  from  the  end  and  center  of  the 
grain.  With  the  other  grains  the  samples  used  for 
testing  were  randomly  selected. 


15 


TABLE  VI 


COmTIEILITY  OF  BALL  POWDER  Wirri  BI>353  AT  135^C. 


System 

%  Composition 

Remarks 

1.  BI^353 

- 

Deflagrated  immediately. 

2,  Mixtxire: 

Deflagrated  immediately. 

Ball  powder 

98 

BI^353 

2 

3.  Film  cast  from  acetone: 

• 

No  deflagration.  Time  to 

Ball  powder 

98 

Salmon  Pink  -  45  minutes. 

BIr-353 

*  2 

4o  Film  cast  from  acetone; 

Deflagrated  immediately. 

Ball  pov;der 

60 

Bl>353 

40 

5.  Gel: 

No  deflagration*  Time  to 

Ball  powder 

30 

Salmon  Pink  -  50  minutes. 

Dibutylph thal at e 

40. 

Ball  powder  in  solution 

BL~353 

30 

but  no  .blowing  action. 

6,  Gel: 

• 

No  deflagration.  Time  to 

Ball  pov/der 

30  • 

Salmon  Pink  -  *55  minutes. 

Ethvlene  crlvcol 

fO 

Blowing  action  obtained - 

BL-353 

30 

• 

7*  Sponge  grain  cast  into 

• 

No  deflagration.  Time  to 

film  from  acetone  solution 

Salmon  Pink  —  25  minutes. 
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Dept  of  the  Army 
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Commanding  General 
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•  Commanding  General 
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